Phytoremediation is considered as a novel environmental friendly technology, which uses plants to remove or immobilize heavy metals. The use of metal-resistant plant growth-promoting bacteria (PGPB) constitutes an important technology for enhancing biomass production as well as tolerance of the plants to heavy metals. In this study, we isolated twenty seven (NF1-NF27) chromium resistant bacteria. The bacteria were tested for heavy metals (Cr, Zn, Cu, Ni, Pb and Co) resistance, Cr(VI) reduction and PGPB characters (phosphate solubilization, production of IAA and siderophores). The results showed that the bacterial isolates resist to heavy metals and reduce Cr(VI), with varying capabilities. 37.14% of the isolates have the capacity of solubilizing phosphate, 28.57% are able to produce siderophores and all isolates have the ability to produce IAA. Isolate NF2 that showed high heavy metal resistance and plant growth promotion characteristics was identified by 16S rDNA sequence analysis as a strain of Cellulosimicrobium sp.. Pot culture experiments conducted under greenhouse conditions showed that this strain was able to promote plant growth of alfalfa in control and in heavy metals (Cr, Zn and Cu) spiked soils and increased metal uptake by the plants. Thus, the potential of Cellulosimicrobium sp. for both bioremediation and plant growth promotion has significance in the management of environmental pollution.
Introduction
Even heavy metals are derived from parent rock and are found throughout the earth's crust, anthropogenic activities are among the major environmental and human health problems. The soil pollution by toxic heavy metals has accelerated greatly by the use of heavy metals such as chromium, zinc, copper, cadmium and lead, in industrial activities such as tanning, mining, refining and manufacturing processes [1] . Heavy metals are used also in different fungicides and land chemical fertilizers, wastewater irrigation and sewage sludge causing heavy metal contamination of water resources and agricultural soils [2, 3] . Thus, remediation of heavy metals is necessary to protect the environment from their toxic effects [4] . Several efforts have been made to develop sustainable and environmental friendly technologies useful to extract and remove toxic heavy metals from water and soil.
Currently, conventional remediation methods of heavy metals contaminated soils are environmentally destructive and expensive [5] . Phytoremediation is recognized as a promising and costeffective solution among the numerous methods used for the rehabilitation of contaminated sites. This technique is based on the use of plants to clean up and/or improve soil and water quality by inactivation or translocation of pollutants in different parts of the plant, without negative effects on the structure, fertility and the biological activity of the soil [6, 7] . Metal hyper accumulating plants have gained increased attention. However, phytoextraction efficacy of most metal hyperaccumulator plants is generally restricted by their low biomass and slow growth rate [8] . As an alternative, high biomass crops (e.g. maize, sunflower, etc.) and chelant-assisted phytoremediation were proposed to improve heavy metals solubilization and availability [9] [10] [11] .
Isolation and application of microbial populations for remediation of heavy metal ions from the environment has attracted several researchers and metal-detoxifying plant growth promoting bacteria (PGPB) have been the object of particular attention [12] [13] [14] . Indeed, PGPB have potential for metals detoxification and for mitigation of plant's stress in polluted environment. They enhance the growth of plants by various PGP traits e.g. phosphate solubilization, production of indole-3-acetic acid, siderophores, ammonia, hydrogen cyanide and nitrogen fixation [15] .
Despite that a number of bacterial strains has been reported, there is a growing need to find novel microbial resources that can help improve growth and yield of plants in contaminated soils. Furthermore, the majority of the studies have involved singlemetal resistant strains generally Cr. However, contaminated sites are generally subject to multi-contamination with heavy metals. Therefore, the present study was designed to isolate multi-heavy metals resistant bacteria and to examine their plant growth promoting (PGP) properties in order to select bacterial strains that could support plant growth and phytoremediation of heavy metals contaminated sites.
Material and methods

Isolation of heavy metals-resistant bacteria
The soil samples were collected from the rhizosphere of indigenous plants of a contaminated region in the Plain of Sais, Fez (Morocco). This area had been exposed to a large number of toxic industrial wastes. Indeed, the city of Fez is among the cities of Morocco in full urban and industrial expansion. Brick, plastic, tanning, cement and steel industry are among the most polluting industries in the region, with the production of large heavy metal amounts that pose a threat to the environment. Effluents produced daily by industries rich with heavy metals (Chromium, Lead, Zinc, Copper and Nickel) are simply dumped untreated into the Sebou River which is used for irrigation.
Soil sample suspensions were prepared by adding 1 g of rhizospheric soil to 100 mL distilled water. 100 mL suspension for each sample dilutions (10 and added separately to the agar medium. The minimum inhibitory concentration (MIC) was defined as the lowest concentration at which no viable colony-forming units (CFU) were observed after 48 h of incubation at 30°C [16] .
Chromium reduction experiments
The reduction of chromium by the isolated bacteria was studied in 150 mL Erlenmeyer flask containing 50 mL of LB medium supplemented with chromium. 100 mL of 24 h bacterial cultures were added to the media and incubated at 30°C with shaking (120 rpm). Two mL of the cultures were then centrifuged at 6000g for 10 min to remove the bacterial cells. Then the supernatant was used to measure the concentration of the nonreduced chromium Cr(VI) using colorimetric reagent S-diphenyl carbazide (DPC) [17] . Absorbance was measured at 500 nm. The cells culture was monitored by measuring optical density at 600 nm.
Determination of PGP properties of heavy metals resistant bacteria
Isolates were tested for a number of important properties regarding PGP activities.
IAA production
IAA production was tested according to Bharadwaj et al. [18] method. Cells were cultured in 15 mL tubes containing 5 mL of Luria-Bertani Broth supplemented with 1 mg mL À1 tryptophan.
The medium was incubated 5 days at 30°C with shaking (200 rpm). After centrifugation at 10,000g for 10 min, 1 mL of supernatant was mixed with 2 mL of the Salkowski solution (1.2g FeCl 3 6H 2 O in 100 mL of H 2 SO 4 7.9 M). After incubation for 20 min at room temperature, the optical density was measured at 535 nm. The standard curve was made from serial dilutions of a solution of IAA 50 mg mL À1 in the LB medium.
Siderophores production
Siderophores secretion by bacterial isolates was detected using blue agar plates containing the dye Chrome azurol S (CAS) (SigmaAldrich) [19] . Siderophores excretion showed a change in color, from blue to orange halos around colonies.
Phosphate-solubilizing activity
The ability of the isolated bacteria to solubilize inorganic phosphate was studied by three successive subcultures on National Botanical Research Institute's phosphate growth (NBRIP) agar
15 g L À1 agar, pH 7) [20] . From each young bacterial culture 10 lL was deposited on the medium. After 5 days incubation at 30°C
, the solubilization areas (halo area) and the diameters of colonies were measured. The following report was calculated to evaluate the degree of solubilization of tricalcium phosphate by different isolates [21] :
Identification and characterization of the selected bacterial isolates
A bacterial isolate that showed high metal resistance and interesting PGP traits was subjected to molecular identification. Bacterial DNA was extracted from cells using thermal shock protocol: in 1.5 mL microcentrifuge tube an isolated colony from a young LBagar culture of the isolate was mixed with 50 lL of sterile distilled water. Then the tube was frozen at À20°C for 30 min and heated at 95°C for 3 min repeated from twice to thrice. After centrifugation at 7000g for 10 min, 2 lL of the supernatant was used in the reaction mix. Molecular identification approach involved the use of 16S rDNA analysis; due to the slow rates of evolution of this region between different species of bacteria. This gene encodes a 16S ribosomal RNA; it is commonly used suitable for phylogenetic studies. The rDNA 16S regions were amplified using primers fD1 (5 0 AGAGTT TGATCCTGGCTCAG3 0 ) and RS16 (5 0 TACGGCTACCTT GTTACGACTT3 0 ) [22] . The reaction mix contained 4 lL of dNTPs (1 mM), 4 lL of Taq buffer (5Â), 0.2 lL of Taq polymerase (5 U/lL), 1.2 lL of MgCl 2 (25 mM), 2 lL of fD1 (10 lM), 2 lL of RS16 (10 lM), 4.6 lL of pure H 2 O, and 2 lL of the DNA. The amplification protocol was under the following conditions: denaturation at 94°C for 5 min, 35 cycles of denaturation at 94°C for 30 s, primers annealing at 55°C for 45 s, and primer extension at 72°C for 90 s; final extension was performed at 72°C for 10 min. The amplified PCR products were confirmed by gel electrophoresis on 1% agarose gel, and visualized under short-wavelength UV light stained with ethidium bromide. The sequence was initially analyzed by a similarity search using the BLAST function of GenBank at the National Center for Biotechnology Information (NCBI) electronic site (http://www.ncbi.nlm.nih.gov/) and the SeqMatch tool of the Ribosomal Database Project II (RDP, http://rdp.cme.msu.edu/) [23] . Using the PhyML program (www.phylogeny.fr) and some reference sequences from the GenBank, a phylogenetic tree was realised.
Effect on plant growth
Experiments were conducted to study the effect of the selected bacterial strain on Medicago sativa (Alfalfa) growth in the presence of Cr(VI), Zn and Cu. Alfalfa was used due to its fast growth and high biomass production features.
Alfalfa seeds were firstly sterilized in a solution of 70% ethanol (v/v) for 5 min, washed with sterile water and put into a solution of sodium hypochlorite (5% v/v) for 10 min. Then, they were washed with sterile water and germinated in plates with water-agar for 2 days. Finally, seedlings were transferred and sown in plastic pots (7 cm diameter and 10 cm high) containing non-spiked (control) or metal spiked soil (four replicate flasks per treatment containing three plants each). The soil used in this study was an agricultural alkaline (pH 7.8) clay loam soil from northern Morroco (Sais plaine). It was artificially contaminated with aqueous solutions of K 2 Cr 2 O 7 , CuSO 4 or ZnCl 2 to achieve final concentrations of 50, 250 and 500 mg kg À1 , respectively.
For inoculation of the seedlings, bacterial strain was grown overnight in LB medium at 30°C. Cells in the exponential phase were harvested by centrifugation at 6000 rpm for 20 min, washed twice with sterile saline solution (0.85% NaCl) and centrifuged again. Bacterial inoculum was prepared by resuspending pelleted cells in sterile saline solution to get an inoculum density of ca. 10 8 CFU mL
À1
. Seedlings were inoculated with 10 mL of a suspension of the bacterial cells. Ten milliliter of saline solution was also added to the control treatment pots (uninoculated). Pots were placed in a controlled growth room (16 h photoperiod, 28-30°C temperature range) and watered daily.
Plants were harvested after 30 days, subdivided in roots and shoots and washed with deionized water, then fresh weight was measured.
Analysis of metals in plants
The washed root and shoot samples were dried at 70°C for 24 h and grinded into fine powder. About 200 mg of powdered plant tissue was digested [24] . Total Cr, Cu and Zn content in the digest was determined by inductively coupled plasma atomic emission spectrometer (ICP-AES) (Jobin Yvon).
The bioaccumulation factor (BAF) was calculated to estimate the metal uptake in different plant parts. It presents an index of the ability of a plant to accumulate a particular metal relative to its concentration in the medium [25] .
BAF root ¼ Metal concentration in the roots= Metal concentration in the soil BAF shoot ¼ Metal concentration in the shoots= Metal concentration in the soil
Statistical analysis
Results from greenhouse experiments were expressed as mean ± SE. Data were submitted to ANOVA analysis for each data in order to determine significant differences between the means. A multiple range test at the 95% confidence level was performed using Tuckey's method.
Results and discussion
Bacterial resistance to heavy metals
Isolating bacteria from metal-polluted sites is an advantage to have a bacterial flora adapted to the toxicity of heavy metals [26] . In this study, twenty-seven bacterial isolates were originally isolated for different morphological appearance of their colonies on LB agar medium amended with 100 mg L À1 of K 2 Cr 2 O 7 . All of bacteria were multiresistant to several heavy metals. Resistance of the selected twenty-seven bacterial isolates in terms of MIC (mg L
À1
) to metal concentrations is summarized in Table 1 . All selected bacteria were found to resist to the tested heavy metals with varying capabilities ranging from 400 to 900 mg L À1 for Cr (VI), 400 to 2000 mg L À1 for Zn, 100 to 500 mg L À1 for Cu, 100 to 1000 mg L À1 for Ni, 100 to 2000 for pb and 400 to 1000 Co. Approximately 52% of isolates were able to grow at Cr(VI) concentrations >500, 74% of isolates resist to Zn concentrations >500 mg L Àl ; 48%
of isolates resisted to Cu concentrations >300 mg L Àl .
The high tolerance to metals could be attributed to the fact that these bacteria were isolated from contaminated soil with industrial effluents containing high levels of metals.
Bacterial Cr(VI) reduction
Chromium (VI) has been designated as a priority pollutant due to its carcinogenicity and mutagenicity. In contrast, the derivatives of Cr (III) are water insoluble at neutral pH, less toxic and mutagenic than Cr (VI). Therefore, reduction of Cr (VI) to Cr (III) is considered as a beneficial reaction in many chromium contaminated environments [27] .
The results indicated that all the tested bacterial isolates showed varying potential to reduce the Cr (VI) in the liquid media. The bacterial isolates NF2 and NF26, performed total reduction of 100 mg L À1 of Cr (VI) in 48 h of incubation, 12 isolates have the ability to reduce it in 96 h while NF25 strain was able to achieve total reduction in 144 h. The ability to resist and reduce the hexavalent chromium by bacteria isolated from contaminated environments under field and laboratory conditions has been reported by several authors [28] [29] [30] . PGPB having the ability to reduce Cr(VI) have potential utilization for plant growth improvement as well as for Cr(VI) bioremediation [31] .
Bacteria reduce Cr(VI) by chemical or enzymatic means. For example, chromate may act as terminal electron acceptor for gaining energy [32] . Reduction of Cr (VI) might be due to the chemical compounds like cysteine, sulphite, glutathione and thiosulfates might reduce Cr (VI) into Cr (III) [33] . The enzymatic activities of bacteria might also be one of the possible reasons for reduction of Cr (VI) by soluble and membrane-bound reductases that exist in several of aerobic, facultative and anaerobic bacteria [34] .
PGP characteristics of the isolated bacteria
The importance of soil bacteria in heavy metal resistance and their ability to promote the host plant growth in a metalcontaminated environment make them the preferred choice for phytoremediation studies. Hence, plant growth-promoting characteristics such as the production of IAA, siderophores and solubilization of phosphate by the isolates were further investigated.
Production of indole acetic acid (IAA)
Results showed that all 27 isolates growing in medium added with tryptophan were able to produce IAA. Maximum IAA production were recorded in isolates NF5 (96.14 mg mL À1 ) and NF2(88.53)
as compared to other isolates. The minimum amount of IAA production was recorded in isolate NF8 (12.24 mg mL À1 ). Several species of bacteria were reported to have the ability to produce IAA, an essential hormone in root development [35] . The bacterial IAA plays a very important role in improving the absorption of minerals and nutrients uptake therefore the enhancement of lateral and adventitious rooting leading, and inducing a bacterial proliferation on the roots by root exudation [4] .
Production of siderophores
In this study, 37% of isolates were positive for siderophore production. Metal-resistant siderophore-producing bacteria greatly contributes to the survival and growth of plants particularly in contaminated soils because it plays an important role in reducing the metal toxicity and supplying the plant with iron [36] .
Phosphate solubilization
Phosphorus is one of the major essential macronutrients for plant growth and development. However the concentration of soluble P in the soil is usually very low [37] . The use of phosphate solubilizing bacteria as inoculants can strongly increase simultaneously P uptake by the plant and crop yield [38] .
Qualitative estimation of phosphorus solubilization was carried out in NBRIP agar medium. 48% of isolates were found to solubilise tricalcium phosphate, with the highest capability observed using isolates NF15 (PSI = 3.33), NF2 and NF22 (PSI = 2.66). Several Studies showed that PGP bacteria were responsible for solubilizing the insoluble P [39] [40] [41] . It was also reported that excretion of organic acids was one of the most important factors in phosphate solubilization [42] .
Bacterial identification
In this study, the bacterial isolate NF2 showed multiple PGP traits, such as the production of IAA and siderophores and phosphate solubilization activity. It has also high heavy metals resistance and Cr(VI) reduction ability. The 16S rRNA gene sequences were compared to NCBI database using BLAST analysis this bacterial isolate showed similarities of 100% to Cellulosimicrobium sp. (CP020857.1). The phylogenetic lineage of NF2 drawn from 16S rDNA sequence databases of some closely related members is presented in Fig. 1 .
There is little work on the isolation and the characterization of Cellulosimicrobium as bacteria with potential for environmental management. Yet, species of this genus have recently been reported to possess significant potential as plant growth promoting bacteria and chromium bioremediation agents [43] [44] [45] [46] . 
Effect of bacterial inoculation on plant growth
Based on PGP traits and metal resistance, the heavy metaltolerant Cellulosimicrobium sp. was selected for pot culture experiments. Results show that this bacterium was able to improve plant growth by 68% and 28% for shoot and root control plants, respectively (Fig. 2) . The detrimental effects of metals on plant growth were also reduced by bacterial inoculation, as revealed by the performance of the plants in Cr(VI)-, Zn-and Cu-spiked soils (Fig. 2) . It showed greatly enhanced shoot biomass by 100%, 77%, and 82%, in the presence of Cr, Zn and Cu, respectively. Root biomass was improved by 54%, 21% and 46%, in the presence of Cr, Zn and Cu, respectively.
Several studies have also shown that metal-tolerant rhizobacteria were capable of stimulating plant growth in either the presence or absence of toxic concentrations of heavy metals like Cd [47] , Ni [26] , Pb [48] or Cr(VI) [32, 39, 40, 49] . Karthik et al. [44] showed the Cr(VI) tolerant and plant growth promotion ability of C. funkei strain under the Cr(VI) stress. In this study, cellulosimicrobium sp. was isolated from a multicontaminated site and showed an ability to increase plant growth under stress by Cr, Cu and Zn.
Plant growth promoting bacteria can increase the growth and development of the plants either indirectly by reducing the toxic effects of metals or directly by producing the phytohormones [50] . Indeed, PGP traits have been successfully implicated in promoting plant growth and concurrently mitigating the degree of toxicity or damage to plants exposed to stress generated by different heavy metals. Halstead et al. [51] have demonstrated that the high heavy metals concentration in soil affects the plant growth because it interferes with the uptake of nutrients such as phosphorus. This deficiency can be compensated by the phosphatesolubilization ability of bacteria that play a crucial role in enhancing the plants uptake of soil minerals such as P in metalcontaminated soils [52] .
The phytohormone production by PGPB is shown to play a key role in plant-bacterial interactions and plant growth in contaminated soils by heavy metals [53] . In fact, many heavy metals resistant bacteria were capable of producing phytohormones such as auxin IAA even under stress conditions [54, 55] . Thus, the observed plant growth promotion under Pb stress after inoculation of plant with P. fluorescens was attributed to bacterial IAA production and excretion [56] . Madhaiyan et al. [57] reported the greater potential of the endophytic bacteria, Burkholderia sp. and Methylobacterium oryzae to enhance growth of Lycopersicon esculentum under Ni and Cd stress. This effect was assigned to the ability of the bacteria to lower the level of stress ethylene induced by Ni and Cd or to the possible contribution of the endophytes in reducing the phytotoxic effects of the metals through their capability of biosorption and bioaccumulation.
Production of siderophores may stimulate plant growth directly under iron limitation conditions [58] , or indirectly by forming stable complexes with heavy metals such as Zn, Al, Cu and Pb and helping plants to alleviate the metal stresses [59] . Moreover, siderophores secreted by PGPB strains can decrease the formation of free radicals, so that it allows protecting microbial auxins from degradation and enabling them to enhance plant growth [60] .
Effect of bacterial inoculation on metal uptake by plants
The total metal contents and the accumulation factor noticed in the shoots and the roots of alfalfa after 45 days of culture are shown in Table 2 . The results show that the root tissues accumulated more metals than shoots in both inoculated and noninoculated alfalfa plants. The inoculation of NF2 significantly increased the roots uptake of Cr, Zn and Cu by 43%, 37% and 53%, respectively. It also significantly increased shoots uptake of Zn and Cu (41% and 54%, respectively), while no significant difference was noticed in shoot chromium contents. Increased metal concentrations in plant tissues were reported in inoculated plants by many PGPB. For example, in Cu rich environment, Pantoea sp. inoculated alfalfa showed 15% increase in Cu accumulation and in Pb-Zn rich environment, Zn accumulation increased by 30.3% [61] . Bacillus cereus increased sequestration of heavy metals (Fe, Mn, Zn, and Cd) in Trifolium repens [62] . The bacteria Enterobacter sp. and Klebsiella sp. improved the accumulation of Cd, Pb and Zn by Brassica napus [63] . However, in some cases it has been reported that the inoculation with metal resistant bacteria decreased the uptake of metals by the plants and thereby increased plant biomass [64] . These effects were attributed to metals immobilization in the rhizosphere. This is particularly the case of chromium where most authors reported significantly lower Cr accumulation in bacterial inoculated plant due to the immobilization of Cr by bacteria through several ways, including adsorption, accumulation, reduction, secretion of cell surface associated polysaccharides and proteins [65, 66] . In the present study, it is noticeable that chromium uptake by the plant roots was significantly increased by NF2 inoculation probably through Cr (VI) reduction to Cr (III), which would have favored the immobilization of Cr in the rhizosphere and in the plant roots.
Conclusion
The isolated multi-metals resistant bacteria seemed to be efficient plant growth-promoting bacteria that could produce IAA, siderophores, solubilize the phosphate. Moreover, the ability of these bacteria to reduce Cr(VI) could lower Cr(VI) toxicity and support plant growth in Cr-contaminated soil. The selected PGPB, Cellulosimicrobium sp. NF2 was able to promote plant growth of alfalfa even under metal stress and increased metal uptake by the plants. It could therefore be a good choice for application in microbially assisted phytoremediation approaches for depollution of multi-metals contaminated soils.
